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[57) ABSTRACT

This invention provides a hydraulically dnven crawler
vehicle in which pilot pressure for controlling the dis-
charge of right and left variable displacement pumps is
produced in response to the engine speed by throttle
valves disposed in the discharge oil circuit of a fixed

~ displacement pump, variable throttle valve in a branch

circuit each installed in a pilot circuit for controlling the
right and left crawlers is operated by a cam rotated by
the steering wheel, and when the steering wheel is

‘turned exceeding a certain angle, a direction change-

over solenoid valve of variable displacement pump at
the steering wheel turning side 1s energized to the re-
verse side so that the right and left crawlers are driven
in the reverse direction to each other. Also, this inven-
tion provides a hydraulically driven crawler vehicle in
which the o1l pressure to a swash plate angle control
cylinder which changes the angle of swash plate in the
variable displacement pump producing oil pressure to
the motor for traveling is controlled by feeding back the

~actual angle of swash plate so that the angle of swash

plate corresponds to the command pressure based on
the engine speed.
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STEERING CONTROL FOR A HYDRAULICALLY
DRIVEN CRAWLER VEHICLE

FIELD OF THE INVENTION AND RELATED
ART STATEMENT

This invention relates to a hydraulically driven
crawler vehicle that can maintain the vehicle speed
even when the load is increased. |

FIG. § is a diagrammatic view of a conventional
hydraulically driven crawler vehicle such as a crawler
dump vehicle. |

5
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In FIG. 5§ showing a conventional hydraulically

driven crawler vehicle, reference numeral 21 denotes an
engine; 30 denotes a governor control lever for the
engine 21; 22, 24 denote variable displacement pumps
driven by the engine 21; 23, 25 denote swash plate angle
control levers for the variable displacement pumps 22,
24: 28, 28 denote final reducers; and 29, 29 denote
crawlers.
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On this crawler vehicle, the quantity of oil dis-

charged from the variable displacement pump 22, 24 1s
independently controlied by the governor control lever
30 for the engine 21 and the swash plate angle control
levers 23, 25 for the vanable displacement pumps 22, 24.
The oil discharged from the wvariable displacement
pumps 22, 24 drive motors for traveling 26, 27, the
rotation of which is transferred to the right and left
crawlers 29 via the right and ]eft final reducers 28 to
‘drive the crawlers 29.

This conventional hydraulically driven crawler vehi-
cle has the following disadvantages:

The capacity of variable displacement pumps 22, 24

25

30

has been determined so as to accommodate engine

horsepower when the output of engine 21 1s maximum;
as a result, when the swash plate angle control lever 23,
25 is operated so that the pump swash plate becomes
maximum while the output of engine 21 1s small (the
engine speed is low), the engine stops.

Further, the operator must have considerable experi-
ence in the operation since the operations of straight
traveling, gentle turning, stopping, skid turning, pivot
turning, and forward/reverse changing are performed
by the right and left levers independently.

Still further, when the body of operator is swayed by
the vibration of vehicle body, he/she is apt to hold
his/her body against the lever, so that an undesirable
force is applied to the lever, which may let the vehicle
run in an unexpected direction. -

OBJECT AND SUMMARY OF THE INVENTION

Accordingly, an object of this invention 1s to provide
a hydraulically driven crawler vehicle which allows
adjustment of vehicle speed and turning radius, and
‘pivot turning, causes no engine stop, operates while the
operator holds his/her body, and maintains the resis-
tance to environment.

Another object of this invention is to provide a hy-
draulically driven crawler vehicle whose speed is not
decreased by the increase in the vehicle load.

To attain the above objects, the hydraulically driven
crawler vehicle of this invention, which has a closed-
circuit drive means with a variable displacement pump
and a motor installed each for right and left crawlers
mdependently, comprises a fixed displacement pump
driven in a certain proportion to the revolution of en-
gine output shaft, throttle valves disposed in the dis-
charge oil circuit of the fixed displacement pump to
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produce pilot pressure for controlling the discharge of
right and left variable displacement pumps in response
to the engine speed, branch circuits disposed in the right
and left pilot circuits for control, variable restrictors
disposed in the branch circuits, and a cam mounted on
the rotating shaft of steering wheel to control the vari-
able restrictors, by which when the steering wheel is
turned exceeding a certain angle, a direction change-
over solenoid valve of variable displacement pump at
the steering wheel turning side 1s energized to the re-
verse side so that the right and left crawlers are driven
in the reverse direction to each other.

~ Also, to attain the above objects, the hydraulically
driven crawler vehicle of this invention, which has a
closed-circuit drive means with a variable displacement
pump and a motor installed each for right and left
crawlers independently, comprises a fixed displacement
pump driven in a certain proportion to the revolution of
the engine output shaft, throttle valves disposed in the
discharge o1l circuit of the fixed displacement pump to
produce pilot pressure for controlling the discharge of
right and left variable displacement pumps in response
to the engine speed, branch circuits disposed in the right
and left pilot circuits for control, variable restrictors
disposed 1n the branch circuits, a cam mounted on the
rotating shaft of steering wheel to control the variable
restrictors, direction change-over solenoid valves for
changing the direction of pilot pressure so as to reverse
the discharge direction of the variable displacement
pump when the steering wheel 1s turned exceeding a
certain angle, whose discharge pressure is the command
pressure, and feedback control valves which connect to
the variable mechanisms of the variable discharge
pumps and direct the discharge pressure of the fixed
displacement pump to the variable mechanisms for the
feedback control of the variable mechanisms in re-
sponse to the command pressure.

The hydraulically driven crawler vehicle of this in-
vention is configured as described above. Therefore, the
pilot pressure for controlling the discharge of the right
and left vaniable displacement pumps is produced in
response to the engine speed by the throttle valves
disposed in the discharge oil circuit of the fixed dis-
placement pump. The variable throttle valve in the
branch circuit disposed in each of the pilot circuits for
controlling the right and left crawlers is operated by the
cam rotated by the steering wheel. When the steering
wheel is turned exceeding a certain angle, a direction
change-over solenoid valve of variable displacement
pump at the steering wheel turning side is energized to
the reverse side so that the right and left crawlers are
driven in the reverse direction to each other.

Also, the operation amount of displacement variable
mechanism of variable displacement pump is fed back to
the feedback control valve, and the oil pressure is sup-
plied to the variable mechanism so that the displace-
ment corresponds to the command pressure.

On the hydraulically driven crawler vehicles of this
invention, the pilot pressure for controlling the dis-
charge of the right and left variable displacement
pumps is produced in response to the engine speed by
the throttle valves disposed 1n the discharge oil circuit
of the fixed displacement pump. The variable throttle
valve in the branch circuits disposed in each of the pilot
circuit for controlling the right and left crawlers is
operated by the cam rotated by the steering wheel.
When the steering wheel is turned exceeding a certain
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angle, a direction change-over solenoid valve of vari-

able displacement pump at the steering wheel turning

side is energized to the reverse side so that the right and
left crawlers are driven in the reverse direction to each
other. Thus, the control of vehicle speed and turning
radius and the pivot turning can be performed by the
accelerator and the steering wheel.

Also, the engine will not stop because control is car-
ried out in such a manner that the horsepower which
the pump accommodates does not exceed the output
power of the engine.

The steering wheel type steering system is used, so

that the operator can operate the vehicle while holding
his/her body, and the resistance to environment can be

maintained. |
No implementation of electric control improves the

resistance to environment.

Furthermore, the operation amount of variable dis-
placement pump is detected, and the oil pressure to the
swash plate angle control cylinder is controlled so as to
obtain the operation amount corresponding to the com-
mand pressure, so that the vehicle speed will not de-
crease even when the vehicle load is increased.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings,
FIG. 1 is a diagrammatic view of an embodiment of

hydraulically driven crawler vehicle according to this
invention,

FIG. 2 is a sectional view showing a typical arrange-

ment of steering cams and switch plates for the hydrau-
lically driven crawler vehicle,
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FIG. 3 is a chart showing the status change of vari- |

able throttle valve and the rotational speed for the hy-
draulically driven crawler vehicie, |

FIG. 4 is a diagrammatic view of another embodi-
ment of hydraulically driven crawler vehicle according
to this invention, and

FIG. 5 is a diagrammatic view of a conventional
hydraulically driven crawler vehicle.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

A hydraulically driven crawler vehicle according to
this invention will be described by reference to an em-
bodiment shown in FIG. 1. In FIG. 1, reference nu-
meral 1 denotes an engine, 2 denotes a fixed displace-
ment pump, 3 denotes a restrictor (fixed onfice), 4 de-
notes a direction change-over solenoid valve, 3 denotes
a pilot pressure circuit for swash plate control, 6 de-
" notes a swash plate angle control cylinder as a displace-
ment changeable mechanism, 7 denotes a vanable dis-
placement pump, 8 denotes a steering wheel, 9 denotes
a cam, 10 denotes a variable throttle valve (for left), 11
denotes a forward/reverse change-over switch lever
(manual), 12 denotes a switch for pivot turning (for
left), 13 denotes a relay for pivot turning, 14 denotes an
accelerator (governor pedal), 15 denotes a pump main
hydraulic circuit to a motor for traveling, and 16 de-
notes a pump main hydraulic circuit to a motor for
traveling.

The capacity of the variable displacement pump 7 is
controlled by the swash plate angle control cylinder 6.
The oil pressure for control (pilot pressure) given to the
swash plate angle control cylinder 6 is produced by the
fixed displacement pump 2, which discharges a quantity
of oil in proportion to the rotational speed of engine 1,
and the fixed restrictor 3.
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This pilot pressure can be selectively applied to either
of two ports of the swash plate angle control cylinder 6
by means of the direction change-over solenoid valve 4,
and the pressure can be reduced by draining oil through
the manual variable throttle valve 10 via a branch cir-
cuit.

The control spool of the variable throttle valve 10
changes the degree of opening by rotating the cam 9 by
means of the steering wheel 8 operated by the operator.

The solenoid current which controls the direction
change-over solenoid valve 4 is fed via the forward-

/reverse change-over switch lever 11 and the relay for
pivot turning 13.

The energizing current for the relay for pivot turning
13 is supplied via the switch for pivot turning 12, and
the relay for pivot turning 13 i1s operated when the
steering wheel is turned over a certain angle. The
switch for pivot turning 12 1s operated by a cam (not
shown) disposed on a shaft on which the cam 9, which
presses the spool of the variable throttle valve 10, is
disposed.

Next, the operation of the hydraulically driven
crawler vehicle shown in FIG. 1 will be explained in
detail. The oil flow discharged from the fixed displace-
ment pump 2 is reduced by the fixed restrictor 3, pro-
ducing a pilot pressure. This pilot pressure changes with
the increase or decrease in the amount of oil passing
through the restrictor (fixed orifice) 3. If the drive shaft
of the fixed displacement pump 2 1s connected to (or
linked at a constant change gear ratio to) the output
shaft of the engine 1, therefore, the pilot pressure
changes in accordance with the engine speed.

This pilot pressure i1s supplied to the swash plate
angle control cylinder 6 to control the right and left
variable displacement pump 7.

As a result, when the rotational speed of the engine 1
is low and the output is low, the swash plate angle is
small and the horsepower which the pump accommo-
dates is small, so that the engine does not stop. When
the rotational speed of the engine 1 is high and the
output is high, the swash plate angle is large and the
horsepower is effectively accommodated. Thus, the
vehicle speed can be controlled merely by operating the
accelerator 14.

When the vehicle is turned, a relative difference is
given to the rotational speeds of the right and left mo-

tors for a crawler vehicle equipped with two pumps and

two motors. When the right and left motors are rotated
at the same speed, the vehicle runs straight. When the
right and left motors are rotated in the same direction
with a speed difference, the vehicle turns gently. When
one motor 1s stopped, the vehicle turns promptly. When
the right and left motors are rotated in the reverse direc-
tion, the vehicle turns pivotally.

Here, the skid turning means that the vehicle turns in
such a manner that the trajectory of vehicle is a circle
with the center at the crawler 29 at the side of stopped
motor. The pivot turning means that the vehicle turns in
such a manner that the trajectory of vehicle is a circle

~with the center at the transverse central position be-

tween the right and left crawlers 29.
On the hydraulically driven crawler vehicle of this
invention, the pilot pressure supplied to the swash plate

angle control cylinder 6 of the pump is discharged

through the variable throttle valves 10 disposed sepa-
rately for the right and the left, by which a difference 1s

produced in the discharge between the right and left
pumps for turning the vehicle.
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FIG. 2 shows an arrangement of switches for pivot
turning, and FIG. 3 shows the status change of variable
throttle valve 10 and the rotational speed of the
crawler. When the steering shaft 31 is turned to the left,
the left pilot pressure control throttle valve 10 1s pressed
by the cam 9, and is opened gradually, so that the pilot
pressure at the left side is decreased. The pictures
shown in the Remarks column indicate the case in
which the forward/reverse change-over manual switch
is in the forward position. ~

- When the cam 9 is turned 90 degrees, the variable
throttle valve 10 is fully opened, so that the pilot pres-
sure at the left side becomes minimum, which stops the
left crawler; the left skid turning of vehicle is per-
formed. At this time, a cam plate for switch 33 fixed to
the steering shaft 31 changes over the switch for left
pivot turning 12. Therefore, the direction change-over
solenoid valve 4 of the left variable displacement pump
7 is energized to the reverse crawler side, and the flow

10

15

direction of oil in the main hydraulic circuit 18, 16 of 20

the left variable displacement pump 7 is reversed.

When the steering shaft 31 is further turned, the pilot
pressure is increased with the flow direction remaining
reverse.

When the steering shaft is turned to the 180° position,
the pilot pressure returns to the condition in which
almost no oil is discharged from the throttle valve, so
that the left motor rotates at nearly the same speed as
the right motor in the reverse direction, causing pivot
turning.

For right-side turning, the operation 1s reverse to the
above operation. In FIG. 2, reference numeral 32 de-
notes a variable throttle valve, 33 denotes a switch for
right pivot turning, and 34 denotes a cam plate for
switch fixed to the steering shaft 31.

In the embodiment described above, the pilot pres-
sure from the direction change-over solenoid valve 4 is
supplied to the swash plate angle control cylinder 6 as 1t
is, so that the swash plate angle control cylinder 6 1s
subjected to a reaction force which the main hydraulic
circuit receives. When the vehicle load is increased,
therefore, its reaction force presses back the swash plate
of the swash plate angle control cylinder 6, so that the
vehicle speed decreases despite the presence of swash
plate angle command pressure {pilot pressure) deter-
mined by the engine speed.

To solve this problem, the operation amount of the
swash plate angle control cylinder 6 1s actually de-
tected, and the swash plate angle control cylinder 6 is
controlled so that the swash plate can be maintained in
response to the swash plate angle command pressure.
An embodiment of this configuration is shown in FIG.
4. -

In the embodiment of hydraulically driven crawler
vehicle, the pilot pressure changed over by the direc-
tion change-over solenoid valve 4 i1s not used as an
operating pressure for the swash plate angle control
cylinder 6, but is used as the command pressure for a
feedback control valve 81. The feedback control valve
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solenoid valve 4 and the oil supplied to and discharged
from which is controlled by the feedback control valve
51.

Therefore, for example, even when the load of
crawler vehicle is increased and the increase in the
pressure of main hydraulic circuit presses back the
swash plate of the variable displacement pump 7, the oil
pressure 1s added to the swash plate angle control cylin-
der 6 so that the angle of swash plate detected by the
piston position of the swash plate angle control cylinder
6 is an angle determined by the commanad pressure, and
the variable displacement pump 7 maintains a discharge
corresponding to the command pressure; therefore, the
vehicle speed does not decrease.

The explanation of the hydraulic circuit shown in
FIG. 4 is omitted because this circuit is the same as that
shown in FIG. 1 except for the change-over solenoid
valve 4 and the feedback control valve 51 according to
this invention.

We claim: |

1. A hydraulically driven crawler vehicle which has
a closed-circuit drive means with both a variable dis-
placement pump and a motor installed for each of right
and left crawlers independently, said right and left mo- -
tors controlled by right and left pilot circuits, respec-
tively, said vehicle further including an engine with an
output shaft, and a steering wheel for control of said
vehicle, the hydraulically driven crawler vehicle com-
prising:

a fixed displacement pump driven in a certain propor-
tion to the revolution of said engine output shaft,
said fixed displacement pump having a discharge
o1l circuit,

throttle valves disposed in said discharge oil circuit of
said fixed displacement pump to produce pilot
pressure for controlling the discharge of said right
and left variable displacement pumps in response to
the engine speed,

branch circuits disposed in said right and left pilot
circuits for control,

variable restrictors disposed in said branch circuifs,

a steering cam mounted on the rotating shaft of said
steering wheel to control said variable restrictors,

a direction reversal cam, responsive to said steering
wheel; and

a direction change-over solenoid valve associated
with each of said variable displacement pumps,
operated by said direction reversal cam in response
to said steering whee] being turned exceeding a
predetermined angle, is energized to a reverse posi-
tion so that the right and left crawlers are driven in
the reverse direction to each other.

2. A hydraulically driven crawler vehicle which has

a closed-circuit dnive means with both a variable dis-
placement pump and a motor installed for each of right
and left crawlers independently, said right and left mo-
tors controlled by right and left pilot circuits, respec-
tively, said vehicle further including an engine with an
output shaft, and a steering wheel for control of said

51 is mechanically connected to the piston or the like of 60 vehicle, the hydraulically driven crawler vehicle com-

- the swash plate angle control cylinder 6. It controls the
supply of oil pressure to the swash plate angle control

cylinder 6, so that the swash plate angle corresponding

to the command pressure can be obtained.

The pressure of oil discharged from the fixed dis- 65

placement pump 2 is used as the operating pressure of
the swash plate angle control cylinder 6 in which the
direction is changed over by the direction change-over

prising:

a fixed displacement pump driven in a certain propor-
tion to the revolution of said engine output shaft,
said fixed displacement pump having a discharge
oll circuit,

throttle valves disposed in said discharge oil circuit of
said fixed displacement pump to produce pilot
pressure for controlling the-discharge of said right
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and left variable displacement pumps in response to
the engine speed,

branch circuits disposed in said right and left pilot
circuits for control,

variable restrictors disposed in said branch circuits,

a steering cam mounted on the rotating shaft of said
steering wheel to control said variable restrictors,

a direction reversal cam responsive to said steering

wheel;
direction change-over solenoid valves, responsive to

said direction reversal cam and said steering wheel
turning beyond a certain angle, for changing the
direction of pilot pressure so as to reverse the dis-

~ charge direction of one of said variable displace-
ment pumps whose discharge pressure 1s a com-
mand pressure, and

feedback control valves which connect to said vari-
able displacement pumps and direct the discharge
oil circuit of said fixed displacement pump to said
variable displacement pumps In response to the

command pressure.
3. A steering system for a hydraulically driven

crawler vehicle, said crawler vehicle having left and
right crawler tracks, each of said tracks driven by a
hydraulic motor, each motor responsive to a respective
variable displacement pump, said vehicle including an
engine for driving a fixed displacement pump displacing
a fixed amount of hydraulic fluid in proportion to the
engine speed, said steering apparatus comprising:

a steering wheel controlled by an operator of said

crawler vehicle;
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left and right throttle valves for controlling said re-
spective left and right crawler variatle displace-
ment pumps;

steering cam means, responsive to said steering wheel
position, for actuating one or the other of said left
and right throttle valves depending upon whether
said steering wheel is turned towards the left or

- right;

each of said left and right variable displacement

pumps including a respective direction change-
over solenoid valve responsive to an electrical

control signal; and

a direction reversal cam means, responsive to said
steering wheel and in particular responsive to said
steering wheel being turned beyond a predeter-
mined angle, for causing one of said left or right
direction change-over solenoid valves to reverse
the direction of operation of one of said left or right
crawler motors.

4. A steering system for a hydraulically driven
crawler vehicle according to claim 3, wherein said di-
rection reversal cam means includes:

~ left and right reversal switches for providing an elec-
tronic control signal upon actuation; and

a direction reversal cam, connected to said steering

wheel, for actuating one of said left and right rever-
sal switches when said steering wheel is turned
beyond said predetermined angle.

5. A steering system for a hydraulically driven
crawler vehicle according to claim 3, wherein said
steering cam means COmprises a steering cam, mechani-
cally connected to said steering wheel and mounted for
rotation in conjunction with said steering wheel, and
said left and right throttle valves are mounted adjacent

said steering cam and actuated directly thereby.
* * ¥ ¥ %
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